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(54) HIGH IONIC CONDUCTIVE SOLID ELECTROLYTE MATERIAL AND SOLID ELECTROLYTE FUEL 
CELL USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high ionic and conductive solid 
electrolyte material having high oxygen ion conductivity and high strength by 
adding a rare earth oxide to scandia-stabilized zirconia for stabilizing a crystal 
phase. 

SOLUTION: This solid electrolyte comprises zirconia as a main component 
wherein scandia of 5 to 15 mol% and one or more than two kinds of other rare 
earth oxides of 0.5 to 5 mol% are mixed and dissolved. Scandia and rare earth 
oxide are mixed so that the total mixing quantity is in a range of 9 to 15 mol%. 
The rare earth oxides are ceria (Ce02), yttria (Y203), gadolinium oxide 
(Gd203), ytterbia (Yb203) for example. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the high ion conductivity solid electrolyte material used 

suitable for a solid oxide fuel cell etc. in more detail about high ion conductivity solid electrolyte material. 

[0002] 

[Description of the Prior Art] Conventionally, it is applied to uses, such as a solid oxide fuel cell (it is hereafter called "SOFC" 
for short.), and compared with other fuel cells, a phosphoric-acid type, a melting carbonate type, etc., the generating efficiency of 
SOFC is good, and since exhaust heat temperature is also high, this kind of solid electrolyte material attracts attention in that the 
power generation system of efficient energy use can be built, 

[0003] By the way, this SOFC has a fuel electrode in one field of a solid electrolyte, and equips the field of the opposite side of a 
solid electrolyte with the cell cellular structure with the oxygen pole. And if fuel gas, such as hydrogen (H2), carries out 
flowing-through contact in a fuel-electrode side and oxidizer gas, such as air or oxygen (02), carries out flowing-through contact 
as the power generation mechanism at oxygen ****, the oxygen ion (02-) generated on the oxygen pole moves a soHd 
electrolyte, a fuel electrode is reached, in a fuel electrode, the 02- which has moved will react with H2, and electric generating 
power will be obtained according to the electrochemical reaction. 

[0004] as the property required of the solid electrolyte material of SOFC in such structure and a power generation mechanism ~ 
(1) - it is what is stabilized over a long period of time [ having-high oxygen ion conductivity (2) ], and contributes to 
electrochemical reaction - (3) ~ having high material strength etc. is mentioned And generally as what responds to such demand 
characteristics, the zirconia which added the yttria (Y203) (Zr02), i.e., yttria-stabilized-zirconia material, (it is hereafter called 
"YSZ" for short.) has been used conventionally. 

[0005] However, it has the problem that power flux density with material resistance high [ this YSZ material ] and conductivity 
high to a low sake is not obtained. Then, this invention persons have advanced research about the zirconia which added the 
scandia (Sc 203), i.e., scandia stabilized-zirconia material, (it is called "ScSZ" for short below.) as a material for which this can 
be substituted. 

[0006] And actually, I hear that ScSZ system material has high conductivity compared with YSZ material, and its material 
strength is also high, and it has also already performed several affairs or patent application. It is merely this beginning and ScSZ 
material There is a problem that the ciystal structure is not stabilized. 1 lmol%Sc203-89mol%Zr02 (it is hereafter called 
"11 ScSZ" for short.) which added especially the alumina (aluminum 203) 1% of the weight also in this ScSZ system material as 
a result of coming an experiment in piles variously It turns out that what was considered as standard composition is stabilized by 
the crystal phase by addition of an alumina (aluminum 203). Patent application has also already been performed (references, 
such as JP,7-6622,A and JP,7-69720,A). 
[0007] 

[Problem(s) to be Solved by the Invention] However, in order that ** mechanical strength may improve, the ScSZ material of 
alumina (aluminum 203) addition can make thickness of a solid electrolyte board thin, and can suppress material resistance so 
much, its degree of sintering of** fine particles which can contribute to improvement in conductivity improves, and in order to 
sinter also at low temperature, while it has the advantage in which cheap-ization of a manufacturing cost can be attained, it also 
has the following demerits. 

[0008] At the time of (b) powder raw material manufacture to which oxygen ion conductivity falls about 10% rather than the 
ScSZ material which does not add an alumina by increase of (a) electric insulation resistance, namely, for example If it is going 
to obtain the mixed-powder end of a scandia (Sc 203) and a zirconia (Zr02) with a fine powder particle size by the 
coprecipitation method and sol gel process which are a liquid phase manufacture process The mixed-powder end of the Sc203 
and Zr02 is generated first, and in order to take the process of subsequently to this end of mixed powder mixing alumina 
(aluminum 203) powder, it also has the demerit in which the process for adding an alumina (mixture) is too much needed. 
[0009] Moreover, when this kind of solid electrolyte material was used for the electrolyte of SOFC and it was going to obtain 
high conductivity, a high kink colander was not obtained for the operation temperature of a cell, but for the reason, as for 
circumference equipments, the facility turned on a large scale and a manufacturing cost and problems, such as becoming high, 
had to use the special steel materials which have heat-resistant high intensity. 

[0010] Then, this invention persons found out that a crystal phase was stable as a material for which an alumina is substituted by 
adding rare earth oxides other than scandias (Sc 203), such as Seria (Ce02), a yttria (Y203), gadolinia (Gd 203), and a ytterbia 
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(Yb 203), into this ScSZ material, as a result of repeating various experiment researches. Moreover, when conductivity improves 
also showed that such material could lower the operation temperature, when it used for a cell. 

[001 1] By adding rare earth oxides other than a scandia into ScSZ material, the technical problem which is going to solve this 
invention stabilizes a crystal phase, and is to offer a high ion conductivity soHd electrolyte material equipped with high ion 
conductivity and high material strength. 

[0012] moreover - if this invention offers SOFC equipped with the high power generation performance by using this high ion 
conductivity solid electrolyte material as an electrolyte and is still more possible in use of the cheap charge of an edge strip by 
reduction of the operation temperature of the SOFC -- closing -- cheap-izing of manufacture cost it is going to plan -- it is a 
thing 
[0013] 

[Means for Solving the Problem] In order to solve this technical problem, let it be a summary for the sum total loadings of a 
scandia and other rare earth oxides to be prepared by 9-15-mol the range it is [ range ] %, while the high ion conductivity solid 
electrolyte material of this invention makes a zirconia a principal component and combination dissolution of 5-15 mol % of 
scandias and one sort or two sorts or more of 0.5-5 mol% of rare earth oxides of others is carried out at this. 
[0014] Although the power generation performance which the ScSZ solid electrolyte material of the above-mentioned 
composition has a high conductivity property, and was excellent as a solid electrolyte of SOFC is demonstrated, as for the 
amount of dissolution of the scandia in this ScSZ solid electrolyte material (Sc 203), it is desirable to consider as the 5-15-mol 
range of %. In about 8 mol %, a zirconia (Zr02) changes from a cubic to a tetragonal phase after a long time (1000 - 2000 hours) 
by high temperature (operation temperature : about 1 000-degree-C level of SOFC), and the amount of dissolution of a scandia 
(Sc 203) causes decline in conductivity. 

[0015] Therefore, it is effective to use the amount of dissolution of Sc 203 as many eyes a litde, and to make it into 10-15-mol 
% from eight-mol %. However, when a yttria (Y203) is contained in this ScSZ solid electrolyte material, it is possible to lower 
the lower limit of the amount of dissolution of a scandia (Sc 203) to about 5 mol %. If the amount of dissolution of Sc 203 
exceeds eight-mol % when a yttria (Y203) is not contained Besides C phase (cubic phase) of Zr 203, R phase (rhombohedron 
****) which are Zr 203 and the compound of Sc203 deposits. At low temperature (600 degrees C or less), a power generation 
performance becomes bad by decline in conductivity, or there is a possibility that problems, such as distorted destruction of a 
solid electrolyte and electrode exfoliation, may arise by the cubical expansion accompanying thermal change of the crystal 
structure etc. 

[0016] Then, by blending rare earth oxides, such as Seria (Ce02) other than a scandia (Sc 203), a yttria (Y203), gadolinia (Gd 
203), and a ytterbia (Yb 203), in this invention, a crystal phase is stabilized and, as for the loadings, it is desirable that it is the 
0.5-5-mol range of %. loadings of oxides, such as Seria (Ce02) the effect which suppresses the deposit of R phase less than [ 0.5 
mol % ] — scarce moreover, more than 5 mol % - even if it blends, already, a crystal phase is fully stabilized and has a 
possibility that conducdvity may fall conversely 

[0017] In addition, since conductivity falls and rare earth oxides, such as Seria (Ce02), also have the same inclination when the 
amount of dissolution of a scandia (Sc 203) exceeds 15%, it is required that the sum total of the loadings of the rare earth oxide 
for crystal-phase stabilizadon, such as a scandia (Sc 203) and Seria (Ce02), should be suppressed by less than [ 15 mol % ]. 
However, if not only stabilization of a crystal phase but reservation of a high conductivity property etc. is taken into 
consideration, as for the sum total of the loadings of a rare earth oxide, it is desirable to be adjusted to the 9-15-mol range of %. 
[001 8] Moreover, the solid oxide fuel cell (SOFC) of this invention It has the cell cellular structure which has a fuel electrode on 
one side of a solid electrolyte, and has an oxygen pole on the opposite side, and the solid electrolyte makes a zirconia a principal 
component, to this 5-15 mol % of scandias, While combination dissolution of the 0.5-5 mol% of one sort or 2 sorts or more of 
rare earth oxides of others is carried out, the sum total loadings of a scandia and other rare earth oxides make it a summary to be 
constituted by the material prepared by 9-1 5-mol the range which is %. 

[00 1 9] In order that according to SOFC of this invention electrolytic conductivity may improve and the internal resistance of a 
cell may decrease by using the above-mentioned solid electrolyte material, the power density or the generating efficiency as a 
cell becomes good, and a cell performance improves. Moreover, since material strength is high, if board thickness of the part 
solid electrolyte is made thin, the internal resistance of a cell will be stopped and a cell performance will improve too. Operation 
at still lower operation temperature is also attained. 
[0020] 

[Embodiments of the Invention] Hereafter, the form of suitable 1 operation of this invention is explained in detail with reference 
to a drawing. Introduction drawing 1 is the flow chart which showed the manufacture process of the high ion conductivity solid 
electrolyte material conceming this example. Depend on the coprecipitation method which is the so-called liquid phase 
manufacture process, and carry out proper quantity addition of the rare earth oxides, such as Seria (Ce02), a yttria (Y203), and 
gadolinia (Gd 203), it is made to dissolve in the nitrate solution of Sc 203, and this manufacture process mixes ZrOC12 solution 
with this nitrate solution, and uses it as a mixed-water solution. 

[0021] And by adding aqueous ammonia to this mixed- water solution as a coprecipitater, the mixed hydrate of the hydrate of Zr 
and the hydrate of Sc is obtained as precipitate. The hydrate by rare earth oxides, such as the above-mentioned Ce02, Y203, and 
Gd203, is also contained in this precipitate. And the end of ScSZ mixed powder Seria (Ce02) etc. was blended is generated by 
grinding, after carrying out washing filtration of this mixed precipitate and carrying out teniporary quenching at the temperature 
of 600-1000 degrees C for about 12 hours. 

[0022] In addition, although this example explained the example of the coprecipitation method which is one of the liquid phase 
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manufacture processes as a manufacture process of the high ion conductivity soHd electrolyte material concerning this example, 
of course, there is nothing that is limited to this process. The powder particle of other rare earth oxides (Ce02, Y203, Gd203, 
etc.) for the powder particle of a zirconia (Zr02), the powder particle of a scandia (Sc 203), and crystal-phase stabilization may 
be mixed at the predetermined rate of a compounding ratio, and what was mechanically mixed with the ball mill etc. may be used 
as carried out to general from the former in addition to this. 

[0023] Or what depends on the sol gel process which are other examples of a liquid phase manufacture process is applicable. 
When depending on a sol gel process, a zirconium powder particle, a scandium powder particle, and the powder particle of other 
rare earth elements are mixed at the predetermined rate of a compounding ratio, and the heating dissolution is carried out at 
nitric-acid water, and the amount addition of business of a formic acid and the polyethylene glycol is carried out, and it considers 
as a solation object at this. And the ScSZ powder with which Seria (Ce02) etc. was blended can also be obtained by carrying out 
stoving of this solation object, and carrying out temporary quenching at the temperature of 700-800 degrees C for about 12 
hours. 

[0024] As for the loadings of Zr02 in the end of ScSZ mixed powder it was generated in these cases, total 0.5-5-mol loadings of 
%, Sc 203, and other rare earth oxides (Ce02 etc.) are prepared 85-90-mol%, and, as for Sc 203, the rare earth oxide (Ce02, 
Y203, Gd203) of 5-15-mol % and others is prepared to 9-15-mol%. 

[0025] Next, although it faced fabricating the ScSZ powder generated by doing in this way to the solid electrolyte board of 
SOFC and the manufacture flow chart was shown in drawing 2 , pressing can be carried out with a hydrostatic-pressure press 
machine (CIP), or the Dr. PUREDO method and the calendering-roll method can be used. When based on a hydrostatic-pressure 
press, it is good to apply the press force of 1 ton/cm2 to fabricating this powder material to the solid electrolyte board of the 
100-300 micrometer xabout 20cm angle of board thickness. And next, this forming board is calcinated at the temperature of 
1400-1700 degrees C. 

[0026] Scandia stabilized-zirconia (Sc203 Stabilized Zr02) material which made the scandia (Sc 203) by this dissolve in a 
zirconia (Zr02) is made into a principal component, and the solid electrolyte board which has too Seria (Ce02), a yttria (Y203), 
gadolinia (Gd 203), etc. in a dissolution state as crystal-phase stabilizing material at this is obtained. 

[0027] And in forming a fuel electrode in one side of this. ScSZ system solid electrolyte board, and forming an oxygen pole in the 
field of an opposite side, the ceramic powder of these electrode materials is made into the shape of mud, is applied to each field 
of this ScSZ system solid electrolyte board by the so-called slurry coating method, and is calcinated at predetermined 
temperature. In this case, about a fiiel electrode, one side of this ScSZ system solid electrolyte board is coated with 
nickel-zirconia cermet material of 60 % of the weight of (Nickel nickel) 40-% of the weight-zirconias (Zr02), for example by the 
thickness of about 50 micrometers, and it calcinates at the temperature of 1400-1500 degrees C. A thin film-like fiiel electrode 
will be formed in a ScSZ system solid electrolyte board by this. 

[0028] Moreover, about an oxygen pole, the field of the opposite side of a solid electrolyte board is coated with lanthanum 
strontium comics NEITO (La (Sr) Mn03) material, for example by the thickness of about 50 micrometers, and it calcinates at the 
temperature around 1 150 degrees C. A thin film-like oxygen pole will be formed as well as a ScSZ system solid electrolyte board 
by this. In addition, it is appropriate to consider as about strontium 10-20 mol % to 90-80 mol % of lanthanums as a rate of a 
compounding ratio of the material of an oxygen pole. 

[0029] Next, since various experiments were conducted about the solid electrolyte board of a solid oxide fiiel cell (SOFC) 
manufactured by doing in this way, these are explained. Each sample offering material is created by the coprecipitation method, 
[0030] The next table 1 shows the data of a conductivity property and flexural strength as compared with the start about YSZ 
solid electrolyte material and the various material of the (the alumina addition nothing, alumina addition article, and the Seria 
addition article) of ScSZ system solid electrolyte material. Front Naka and "8YSZ" material are the things of 
8mol%Y203-92mol%Zr02 combination, "alumina-addition-less ScSZ" material The thing of 1 lmol%Sc203-89mol%Zr02 
combination, and the "alumina addition ScSZ" material (1 lmol%Sc203-89mol%Zr02) The thing of 

10mol%Sc2O3-lmol%CeO2-89mol%ZrO2 combination was used for the thing of 0.99 (aluminum 203) 0.01 combination, and 
the "Seria addition article ScSZ" material as sample offering material, respectively. 

[0031] In this case, each sample offering material is the thing of the 200 micrometer x20cm corner guard of board thickness, and 
used what applied the welding pressure of 1 ton/cm2 with a hydrostatic-pressure "press (CIP), and was fabricated. Moreover, the 
conductivity property shows the thing of two conditions, 1000 degrees C and 800 degrees C. 
[0032] 

[Table 1] . 
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[0033] Although each ScSZ system material has brought a result which was excellent with conductivity and flexural strength 
compared with the conventional "8YSZ" material as shown in this table 1, when ScSZ system material is compared, compared 
with "alumina-addition-less ScSZ (1 IScSZ)" material, the ******** property that the flexural strength property of "alumina 
addition ScSZ ( 11 ScSZ 1 A)" material improves is falling. 

[0034] On the other hand, the "Seria addition article ScSZ (lOScl CeSZ)". material excelled the "alumina addition ScSZ 
(1 IScSZlA)" material in the conductivity property also in any (1000 degrees C and 800 degrees C), and the value of 
"alumina-addition-less ScSZ (1 IScSZlA)" material and equivalent level was acquired. Moreover, although flexural strength is 
also inferior to the "alumina addition ScSZ (1 IScSZlA)" material a litde, the value higher than "alumina-addition-less ScSZ 
(1 IScSZ)" material is shown. 

[0035] Therefore, by replacing with an alumina aluminum 203 at ScSZ material, and adding Seria (Ce02), there is no fall of a 
conductivity property, and it is in the inclination whose conductivity property improves rather, and the result that flexural 
strength did not almost have an alumina addition article and inferiority was obtained, and possessing the property as a material 
for which an alumina addition article is substituted was checked. 

[0036] The next table 2 shows the result which performed the measurement examination of the coefficient of thermal expansion 
of various sample offering material. In the case of the example article of this invention, as a sample offering material, an others 
and yttria (Y203) addition article, an above-mentioned ytterbia (Yb 203) addition article, and an above-mentioned gadolinia 
(Gd 203) addition article were used. [ article / Seria (Ce02) addition ] Each loadings were made into one-mol % like the case of 
the Seria (Ce02) addition article. It is as having been shown in Table 2 for details. 
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[0038] The average line coefficient of thermal expansion of the various sintered compacts made as an experiment is measured 
using heat mechanical analysis equipment (TMA) as a test method, the temperature up of each sintered compact is carried out 
from a room temperature to 1323K (1050 degrees C) in the atmosphere of high grade nitrogen gas 200 ml/min as measurement 
conditions at this time, and it cools to a room temperature after that. The load which sets the temperature up (and temperature 
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fall) speed to 2 degrees C/min, and is impressed to the material at this time was set to lOg. 

[0039] Consequently, although the transition point to which 1 IScSZ clarified near about 650 degree C was checked, it was 
checked that the transition point is not seen and each of lOSclCeSZ which is the example article of this invention, lOScl YSZ(s), 
lOScl YbSZ(s), and lOSclGdSZ(s) does not have thermal change of the crystal structure. Moreover, it was checked that shows 
the value equivalent to 8YSZ(s) and, as for each of lOSclCeSZ of this example article, lOScl YSZ(s), lOScl YbSZ(s), and 
lOSclGdSZ(s), average line coefficient of thermal expansion is also satisfactory on use. 

[0040] Next, since the conductivity measurement examination of various ScSZ sintered compacts was performed, the result is 
explained. The conductivity in SOFC operation temperature (1000 degrees C and 800 degrees C, air atmosphere) was measured 
using the cylindrical test piece (20mmx3mmx4mm) of a ScSZ sintered compact as a test method. Measurement was performed 
by the alternating current impedance method, and it asked for conductivity by the following formula from the measured 
resistance and the size of a test piece. 

Conductivity sigma(S/cm) =(1 / resistance R (omega)) x test piece length L(cm) / test piece cross section S (cm2) 

From the conductivity sigma of 1000 degrees C and 800 degrees C to moreover, logsigma vs It asked for the inclination 

according to the Arrhenius plot of 1/T, and activation energy E (kJ/mol) was computed. The result is shown in the next table 3. 

Moreover, drawing 3 shows the backup data to a graph. 

[0041] 

[Table 3] 







looo^ccD 


800''C<7> 


E(kJ/mol) 






1 430°C 


0.307 


0.108 


59.3 


* 


lOSdC&SZ 


1 500*^0 


0.307 


0.109 


58.8 




1600^C 


0.306 


0.110 


58.1 


a 
PP 




1430**C 


0.268 , 


0.087 


63.9 


lOSclYSZ 


1 5O0°C 


0.265 


0.090 


51.3 






1 600^C 


0.269 


0.089 


62.8 






1430**C 


0.267 


0-087 


63.7 


IIScSZIA 


1 500°C 


0.265 


0.G8G 


63.9 






1 600°C 


0.227 


0.070 


66.8 


8YSZ 


1550°C 


0.149 


0.041 


73.3 



[0042] This result is as follows. 

(1) Three kinds of ScSZ [ each ] made as an experiment also including this invention article showed the high conductivity whose 

conductivity is the double-precision grade of 8YSZ(s). The conductivity of 1 lScSZ(s)lA and lOSclYSZ is the numeric value 

expected mostly, and the good sintered compact is obtained. The conductivity of lOSclCeSZ also became a value higher about 

about ten percent than the conductivity (they are about 0.26 S/cm at 1000 degrees C) of 1 lScSZ(s)l A. 

[0043] (2) By lOSclYSZ and lOSclCeSZ, the influence burning temperature affects conductivity can.be called raw material 

which is easy to use as a powder raw material rather than is remarkable. Although conductivity became low notably by 

1 600-degree-C baking only in llScSZ(s)l A, this corresponds with the fall of sintered density. 

[0044] (3) The value of activation energy (this value is as advantageous as a low at the time of the low- temperature operation of 
SOFC) was generally lower than 8YSZ(s), and showed the good value. Especially lOSclCeSZ was a low value as notably as 
less than ] 60 kJ(s)/mol. The influence according [ the value of activation energy ] to burning temperature except for 
1 600-degree-C burned product of 1 1 ScSZ(s) 1 A was not accepted. 

[0045] Next, since change of the conductivity when changing the addition of Seria (Ce02) was investigated as an additional 
experimental data, the result is shown in drawing 4 . As a sample offering material, besides the 1 1 above-mentioned ScSZ 
material and lOSclCeSZ material The sum total of the loadings of a scandia (Sc 203) and Seria (Ce02) is made into 1 1-mol %. 
among those, Seria (Ce02) ~ 2.5-mol % ~ the blended thing ("8.5Sc2.5CeSZ" material) and Seria (Ce02) - five-mol % ~ the 
data about what was blended ("6Sc5CeSZ" material) are shown 

[0046] Although which sample offering material is in the inclination for conductivity to fall as operation temperature becomes 
high so that the data of this drawing 4 may show Compared with 1 1 ScSZ material (2- 0% of CeO(s)), lOSclCeSZ material (2= 
1% of CeO(s)) always has the high value of conductivity in it. The result of [ material / 6Sc5CeSZ / (2= 5% of CeO(s)) / 
8.5Sc2.5CeSZ material (2= 2.5% of CeO(s)) and / a little ] a low in the value of conductivity is obtained. It can say that about 1 
mol % is the most desirable as for the addition of Seria (Ce02), and it is not necessary to increase more than it from this. 
[0047] Alterations various in the range which is not limited to the above-mentioned example at all, and does not deviate from the 
meaning of this invention are possible for this invention. For example, in the above-mentioned example, as a rare earth oxide of 
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crystal-phase stabilization, although the example of Seria (Ce02), a yttria (Y203), a ytterbia (Yb 203), and gadolinia (Gd 203) 
was mainly shown, it can be guessed easily that behavior with the same said of the oxide of the rare earth elements of other 
cerium groups (atomic numbers 57-62) and a yttrium group (atomic numbers 63-71) is shown. 

[0048] And although what added any one kind of Ce02, Y203, Yb203, and Gd203 into ScSZ material in the above-mentioned 
example is explained, even if it adds two kinds of CeO(s) 2 andY203, two kinds of other combination, or three kinds or more, it 
is also that it can be guessed easily that the same effect is acquired. 

[0049] Moreover, although the above-mentioned example explained as an electrolyte material of a fuel cell, if an example is 
taken by the property of this electrolyte material, it will be utility also at the improvement in a performance of the devices using 
oxygen ionic conduction, such as an oxygen sensor, for example. 
[0050] 

[Effect of the Invention] According to the high ion conductivity solid electrolyte material of this invention, by adding a rare earth 
oxide to a scandia stabilized zirconia (ScSZ), still higher oxygen ion conductivity is acquired, and since a crystal phase is 
moreover stabilized, the high ion electric conduction property is everlastingly maintainable. Moreover, material strength is also 
highly maintainable. 

[0051] And the internal resistance of apply [ this solid electrolyte material / to a solid-state macromolecule type fuel cell (SOFC) 
] of a cell can decrease, it can raise the power generation performance (power density or generating efficiency) of a cell, and the 
miniaturization of SOFC etc. can be attained if it is the power generation performance of the same level conversely. Moreover, 
since reduction of the operation temperature of SOFC is attained, it becomes usable [ the cheap charge of an edge strip ], and is 
useful also to low-cost-ization of SOFC. Furthermore, since it can add simultaneously with a scandium, the rare earth for 
crystal-phase stabilization of a manufacture top also has the advantage which can simplify the manufacture process of a powder 
raw material. 



[Translation done.] 
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